Abstract. Multivariate statistical techniques, such as cluster analysis and principal component analysis were performed on 22 wellrepresentative groundwater samples gathered from different tributaries of Wadi Ranyah, Western Provence, Saudi Arabia. The collected samples were analyzed for a total of 21 water quality descriptors (variables) including major and trace elements. From traditional Durov diagram water classification, the water quality is CalciumBicarbonate type. In addition, saturation indices (SI) were calculated for Anhydrite, Gypsum and Halite and the results show that the water is under-saturation state. R-mode cluster analysis resulted in two distinctive sources controlling water chemistry: groundwater-rock interaction, agriculture and anthropogenic sources. The first three principle components explained 70% of the total data variability. First factor reveals strong associations between Ca
Introduction
In arid and semi-arid regions, groundwater is a significant part of the total water resources. One of the major problems encountered with groundwater chemistry evaluation is that there are large amounts of basic information regarding the groundwater quality in regional studies. The usefulness of water for particular purpose is determined by the water quality. The early study of the characterization of groundwater facies utilized graphical representations of the major compositions of groundwater. These classical classification techniques such as Stiff and Piper diagrams only consider selected major water constituents in determining the groundwater type (Hem, 1989) . In recent years, with increasing number of chemical and physical variables of groundwater, a wide range of statistical methods are now applied for proper analysis and interpretation of data (Ashley & Lloyd, 1978; Usunoff & Guzman,1989; Suk & Lee, 1999 and Sanchez-Martos et al., 2001) . Multivariate statistical analysis comprises a number of statistical methods or a set of algorithms that may be applied to several fields of empirical investigation. These methods of cluster analysis and principle component were used with remarkable success as a tool in the groundwater quality studies. These methods are also giving a better understanding of the physical and chemical properties of the groundwater system in space as well as in time (Helsel & Hirsch, 1992; Davis, 2002; Liu et al., 2003; Love et al., 2004 and Hussain et al., 2008) .
Saudi Arabia is limited in agriculture and water resources. Farmers are heavily depending on groundwater. Wadi Ranyah is one of the most important alluvial aquifers in the western part of Saudi Arabia. Because of the rapid economic growth and lack of precipitation, the use of groundwater resource has increased dramatically, and the groundwater extraction has serious consequences such as 1) significant long time of low rainfall, 2) water-level decline, 3) increasing groundwater salinity, 4) contamination and 5) desertification (Subyani, 2004a) . All these factors affect the quality of groundwater. The objective of this paper is to characterize the hydrochemical facies of groundwater system (major and minor components) present in the shallow alluvial aquifer situated in the western portion of Saudi Arabia, and use cluster and factor analysis.
Geology
Wadi Ranyah, the most important water resource in the western part of Saudi Arabia, is bounded by latitudes 20° 00′ and 20° 20′ N and longitudes 41° 40′ and 42° 00′ E. This wadi is a part of the escarpment of Hijaz Mountains of the Arabian Shield, which extends from north to south parallel to the Red Sea. This escarpment is one of the outstanding landscape features of Saudi Arabia. Wadi Ranyah originates from Baha Mountains and disappears in the desert in middle of Saudi Arabia towards the east (Fig. 1) . Its drainage area is about 2500 km 2 and total length of the main channel is merely 80 km. The elevation of the Wadi decreases from 2500 to 1350 m above sea level from Baha Mountains in the west to the mouth of the wadi in the east.
In terms of the geological characteristics, several investigators have discussed various aspects concerning the geology of Wadi Ranyah (Brown & Jackson 1960; Greenwood 1975; Cater & Johnson 1986) . Four principle units of Precambrian rocks (Ablah group) exist from the oldest to the youngest are showing in Fig. 2 . These units are:
1. Qirshah Formation which is composed of metamorphic basaltic and subordinate andesitic, dacitic and rhyolitic pyroclastics, 2. Khutnah Formation includes siltstone and subordinate basaltic to andesitic flow rocks, 3. Thurat Formation consists mainly of metamorphosed volcanic wacke and sandstone, 4. In different parts of the area, these units are intruded by granodiorite and diorite plutons, and finally, 5. loose quaternary sediments fill the basin to a thickness of 5-10 m. These sediments consist of alternating layers of sands, gravel and clayey sand that were derived from host rocks, and provide the groundwater storage. The bedrock of the basin is highly weathered and fractured and also forms an ideal host for groundwater storage. These units are intensively faulted and folded and have a series of distinctive north-west and north-east trending faults. 
Hydrogeology
Rainfall in western Saudi Arabia can be described as scarce and unpredictable, but very extensive during local storms. The rate of evaporation is very high on the average of 400 mm/year. Wadi Ranyah basin receives a considerable amount of rainfall on the average of 450 mm/year (Ministry of Water and Electricity, 2007) (Fig. 3) . Compared with other basins, it is mostly mountainous and is within a subtropical zone. Runoff occurs most of the year, especially, after rainfall events and flash floods occur in winter and spring seasons (Şen 1983; Subyani 2004b; and Alyamani, 1999) .
Most of the wells in Wadi Ranyah are dug wells with an average diameter of 5 m and the total depth ranges from 9 to 22 m. These wells abstract groundwater from alluvial and fractured bedrock. The alluvial thickness ranges from 3 m in the upstream to 12 m in downstream. The depth to water table is also varying from 3 to 10 m with no systematic variation along the wadi course. 
Sampling and Methods
In this work, Twenty-two groundwater samples described herein were collected from shallow existing wells within the Quaternary and fractured aquifer during two weeks period in July 2007. Major and minor ion constituents analysis were carried out. Each water sample was analyzed to determine the concentration (milligram per liter) of major and minor ions (Ca
, F, PO 4 , SiO 2 , Ba, Cu, Mn, Pb, Zn, TDS and total hardness). Other descriptors pH, electrical conductivity (EC), and temperature were measured in the field. These water samples were analyzed by using Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) in the laboratories of the Faculty of Earth Sciences, King Abdulaziz University, Jeddah, Saudi Arabia. Saturation indices for anhydrite (SI anh ), gypsum (SI gyp ), and halite (SI hal ) were also computed. Figure 2 shows the samples locations in the study area. The details of analytical data are given in Table 1 . In addition, some descriptive statistics such as mean, standard deviation, coefficient of variation and skewness are also given. Table 2 shows the analytical data of minor ions with some descriptive statistics.
Durov diagram were drawn by plotting the major ions as percentages of milli-equivalents in two base triangles. The total cations and the total anions are set equal to 100% and the data points in the two triangles are projected onto a square grid that lies perpendicular to the third axis in each triangle. The main purpose of the Durov diagram is to show clustering of data points to indicate samples that have similar compositions (Hem, 1989) . The water samples collected from study area were plotted on Durov diagram (Fig. 4) . This figure showed that the water type in the study area is Calcium-Bicarbonate type, water is mainly in the upper reach where the recharge zone is located. Meteoric water infiltrates through the fracture rocks and alluvial deposits in some parts of the wadi. Durov diagram would be able to classify the water in the study area into one type. This is because the classification is just in terms of major ions, where minor and trace elements area excluded from Durov classification.
In addition, the saturation state of minerals in the water can be expressed by the saturation index (SI). When the SI<1, the minerals will be dissolved; and when the SI is >1, the minerals will be deposited (Freeze & Cherry, 1979) . SI indices of halite, gypsum and anhydrite for the groundwater samples of Wadi Ranyah are shown in Table 1 . All of the samples have negative halite, gypsum and anhydrite indices, which indicated that the groundwater is under-saturation state. Multivariate statistical techniques called cluster and factor analysis were applied to 21 variables as discussed in the following sections. Cluster Analysis Cluster analysis is the name given to an assortment of techniques designed to perform classification by assigning observation to group so each is more or less homogeneous and distinct from other groups (Hussain et al., 2008) . So there are two types of cluster analysis: R and Q-modes. R-mode was performed on different water quality variables. Qmode cluster analysis was performed on the water chemistry data to group the samples in terms of water quality (Davis, 2002; and Tabachnick & Fidell, 2006) . So the hydrochemical results of all samples were statistically analyzed by using the software STATISTICA ® . Generally, prior to cluster analysis data were normalized, the weight per group method was applied in Euclidean distance.
Factor Analysis
Factor analysis is a multivariate statistical technique that can be utilized to examine the underlying patterns or relationships for a large number of variables and summarize information in a smaller set of factors or components for prediction purposes (Davis, 2002) . Principle component analysis (PCA) is the most frequently employed factor analytic approach. PCA defined as an orthogonal linear transformation that transforms the variables to a new coordinate system such that the greatest variance by any projection of the variables comes to lie on the first coordinate (called the first principal component), the second greatest variance on the second coordinate, and so on. PCA is theoretically the optimum transform for a given data in least square terms (Usunoff & Guzman,1989; Brown 1998; Ceron et al., 1999 and Tabachnick & Fidell, 2006) . To determine the number of components to extract, data obtained from laboratory and field analysis were used as variable inputs. Prior to the analysis, the data were standardized to produce a normal distribution of all variables (Jayakumar & Siraz, 1997 and Davis, 2002) . The weights of the original variables in each factor are called loadings, each factor is associated with a particular variable. Communality is a measure of how well the variance of the variable is described by a particular set of factors (Grande et al., 2003) .
Results and Discussion
The analytical results of multivariate analysis were performed for the set of 22 samples and 21 variables. Figure 5 shows the R-mode cluster analysis dendogram of the 21 descriptors. The variables cluster into three major groups. From this dendogram one can find the relationship between different variables, the dendogram shows a high correlation between major ions (Ca ), which indicated surface water recharge and water-rock interaction. Other group of total hardness, bicarbonate and salinity are highly associated with each other indicated recharge zone area. The third cluster shows the similarity between trace elements, nitrate, potassium and manganese as one group, which probably represents the effects of weathering of the rich feldspars and mica, in addition of agriculture fertilizers. Figure 6 shows the clustering of the basins in Q-mode according the similarity. Two main groups can be verified in this figure. The first cluster shows a high similarity between the wells in the same geological formation (see Fig. 2 ). The second cluster shows a similarity between other wells which have been drilled in different geological formations. Factor extraction was done by principle components. Table 3 shows the eigenvalues and cumulative variance for each factor. Figure 7 shows the scree plot with the successive eigenvalues in a simple line plot. The first three common factors were explaining 69.90% of the total variance. Table 4 shows the loading of each variable on each factor, and the percentage of the total variance accounted for in each factor in the rotated 3-factors model. Factor Number Distribution of samples with respect of F1 and F2 is shown in Fig. 8 . Factor 1 distinguishes samples in relation to the enrichment in cations (Ca ). Sample 22, with the highest negative score is located in recharge zone with the lowest salinity among the samples and it comes from the most superficial well. Figure 9 shows plots of samples on F1 versus F3. The first factor appears in separating the calcium bicarbonate water (Group B), where Group A is less concentrated. Sample 10 shows the highest calcium bicarbonate with positive scores in F1 and F3 where sample 22 also shows negative scores. Varimax rotation of the three factors was performed, Table 5 shows the calculated scores for each sample. 
Conclusion
1. This study presented more detailed investigation of hydrochemical data on major and trace composition collected from shallow existing wells within the Quaternary and fractured aquifer of Wadi Ranyah in western Saudi Arabia.
2. Primary analysis of major ions shows that the groundwater is Calcium-bicarbonate water.
3. The applications of multivariate statistical techniques of cluster and factor analysis are considered to be useful tools for understanding and interpreting the data set.
4. Cluster analysis of R-mode shows two distinctive groups related to major ions high correlation, trace elements of water-rock interaction, agriculture and anthropogenic sources. Q-mode distinguishes between wells according to the similiraty of geological formations.
5. Principle component analysis shows that the first three factors are explaining 69.9% of the total variance. 
